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Enzyme Kinetics Studies of Spin-Labeled Active Human Immunodefi-
ciency Virus Type 1 protease
Peter W. D’Amore.
The immunodeficiency virus type 1 protease (HIV-1PR) is a homodimer com-
prised of 99 amino acid subunits, it functions as an aspartic protease that plays
a crucial as role in the maturation of HIV-1. The protease post-translationally
cleaves viral polyproteins gag and gag-pol, which makes it a target of AIDS
antiviral therapy. The protease has an active site comprised of a D25 residue
from each subunit. Accessibility of large, polypeptide substrate to the active
site is mediated by a conformational change of two B-hairpin flaps that exposes
the active site. The pulsed EPR technique double electron-electron resonance
(DEER) has been utilized to measure distances between selected sites on the
protease. For spin label incorporation the mutation K55C selected to generate
distance profiles. We have shown previously, via traditional SDSL-EPR ap-
proaches, that the FDA-approved HIV-1PR inhibitors induce changes in the
conformational sampling of the flap regions of the protease. Work described
here will determine if spin label incorporation perturbs the kinetics of HIV-
1PR constructs analyzed via DEER analysis. Data will ultimately yield rate
constants for spin labeled HIV-1PR that will be compared to unlabeled HIV-
1PR rate constants to determine if spin label incorporation perturb subtype
constructs.1201-Pos Board B111
An Investigation of the Distal Histidyl H-Bonds in Oxyhemoglobin: Effects
of Temperature, pH, and Inositol Hexaphosphate
Yue Yuan, Virgil Simplaceanu, Nancy T. Ho, Chien Ho.
Ligand binding to hemoglobin (Hb) is a dynamic process involving many ter-
tiary and quaternary structural changes. It has been inferred that the O2 binding
to Hb is stabilized by the H-bonds between the O2 ligands and the side-chains of
two distal histidyl residues, a58His and b63His. Our previous study by multi-
nuclear nuclear magnetic resonance (NMR) spectroscopy has provided the first
direct evidence of such H-bonds in human normal adult oxyhemoglobin (HbO2
A) in solution. Here, the NMR spectra of uniformly 15N-labeled recombinant
human Hb A (rHb A) and five mutant rHbs in the oxy form have been studied
under various experimental conditions of pH, temperature, and inositol hexa-
phosphate (IHP). We have found that these H-bonds can be used as markers
to reflect structural changes in the distal heme pocket. At lower pH and/or
higher temperature, the side-chains of the distal histidines appear to be more
mobile and the exchange with water molecules in the distal heme pockets is
faster, which is consistent with the changes in the O2 affinity of Hb as a function
of pH and temperature. Our NMR results have also confirmed that the H-bond
in the b-chain is weaker than that in the a-chain and is more sensitive to
changes in pH and temperature. These H-bonds are sensitive to the mutation
in the distal heme pockets, but only affected indirectly by the mutations in
the quaternary interfaces and IHP. The recent findings are consistent with
our previous NMR results showing that IHP exerts its effects on both the ter-
tiary and quaternary structures of Hb A. (Supported by NIH grant
R01GM084614)1202-Pos Board B112
Ligand Exchange: Increased Structural and Redox Stability For Zero-
Linked Polymeric OxyVita Hemoglobin, a Hemgolobin-Based-Oxygen-
Carrier
John P. Harrington, Jacek Wollocko.
Storage of hemoglobin-based-oxygen-carriers (HBOC) is crucial for its use as
an oxygen delivery system in a wide range of climatic environments. Ideally
storage should be under local ambient conditions and not dependent upon re-
frigeration. Serious concern must be given to alterations of the physiochemical
and functional properties of an HBOC, including oxidation of the heme moi-
ety, alteration of the structural stability, and changes in the O2 carrying capac-
ity. OxyVita Hb, a zero-linked polymeric bovine hemoglobin, is a new
generation HBOC that is presently stable for up to five years frozen at
80C. Improved storage can be achieved by conversion of the oxyHb to
a CO form. Stability at ambient temperature up to seven months has been
achieved to date. Increased structural stability is observed, methemoglobin
levels are significantly reduced, and no change in molecular size is observed.
Removal of the CO ligand occurs at a faster rate from the polymeric form of
OxyVita Hb than the cross-linked stroma free tetrameric COHb, whole bovine
CO blood and bovine CO rbc. Faster kinetic exchange (CO/O2) by OxyVita
Hb may be due to alteration of the secondary and tertiary structure of the in-
corporated tetramers into this large polymeric HBOC. Results from spectro-
scopic studies will be presented.1203-Pos Board B113
A New Paramagnetic Intermediate Formed During the Reduction of
Nitrite by Deoxyhemoglobin
Maria T. Salgado, Somasundaram Ramasamy, Joseph M. Rifkind,
Periakaruppan Manoharan.
Nitric oxide (NO) plays a crucial role regulating vascular tone and blood flow.
Recent studies have shown that RBCs can take up nitrite at reduced oxygen
pressures to be reutilized by deoxyhemoglobin for the production of nitric ox-
ide. However, it is still necessary to explain how NO bypasses hemoglobin
scavenging. Our previous studies have suggested the reduction of nitrite
back to NO by deoxyhemoglobin via intermediates that retain NO bioactivity.
One of the intermediates characterized was a hybridized species with proper-
ties of Hb(II)NOþ and Hb(III)NO. The unexpected stability of this intermedi-
ate has been attributed to the transfer of an electron from the b-93 thiol of
hemoglobin to NOþ producing SHb(II)NO. The formation of this paramag-
netic intermediate (SHb(II)NO) was confirmed by studying the electron para-
magnetic resonance (EPR) changes that take place during nitrite reduction by
deoxyHb in comparison with deoxyHb treated with N-ethyl-maleimide (blocks
the b-93 thiol group of hemoglobin) and carboxypeptidase A (removes C-ter-
minus of hemoglobin), both of which stabilize the R-quaternary conformation
of hemoglobin. The spectral changes observed were attributed to the equilib-
rium of the hybridized diamagnetic species with a paramagnetic species with
an EPR spectrum that reflects that of NO bound to the heme in the b-chain plus
that of a thiyl radical, SHb(II)NO. Incubation studies at 20C demonstrate
that the intensity of this paramagnetic species decreases at this low tempera-
ture indicating a shift back to the hybrid intermediate, ‘‘Hb(II)NOþ 4 Hb
(III)NO’’. This new paramagnetic intermediate species (SHb(II)NO) explains
the stability of the hybridized intermediate and the slow release of NO during
the nitrite reduction. The involvement of a thiyl radical, at the same time pro-
vides a pathway for the formation of SNOHb that can also be a source for NO
bioactivity.1204-Pos Board B114
Production of Nitrosoglutathione Through Met Hemoglobin Reactions
with Nitrite and Low Molecular Weight Thiols
Camille J. Roche, Doris Osei-Afriyie, Mahantesh S. Navati, David Dantsker,
Rhoda Elison Hirsch, Joel M. Friedman.
Acellular hemoglobin (Hb) in the circulation, due to abnormal hemolysis is
generally considered to be a source of toxicity. The toxicity is exacerbated
by the presence of inflammatory conditions such as endothelial dysfunction
that result in decreased levels of NO and nitrite in the plasma. Under some con-
ditions, Hbs can actually generate bioactive NO that can compensate for de-
pressed levels of NO due to inflammation and NO-dioxygenase activity of
acellular Hbs. In the present work, we present a systematic biophysical study
of how R and T state forms of met Hb in the presence of nitrite and thiols
can generate nitrosoglutathione (GSNO). GSNO, an efficient vasodilator, is
known to be in equilibrium with a pool of thiol/S-nitrosothiol containing pro-
teins in blood vessels. Thus nitrite and thiol mediated GSNO production by
acellular Hbs can be viewed as a means both to generate long lived forms of
bioactive NO in the circulation and to replenish depleted S-nitrosothiol levels
in the vasculature.1205-Pos Board B115
The Influence of the Heme Sixth Ligand on the Backbone Dynamics of an
Endogenously Hexacoordinate Hemoglobin
Matthew P. Pond, David A. Vuletich, Ananya Majumdar, Christopher
J. Falzone, Juliette T.J. Lecomte.
The hemoglobin of the cyanobacterium Synechococcus sp. PCC 7002 (GlbN)
protects the cell from reactive oxygen/nitrogen species.1 GlbN coordinates
the heme group with two histidines in the absence of an exogenous ligand
and undergoes an unusual post-translational attachment of the heme group to
the H helix. GlbN is well behaved by NMR spectroscopic standards, making
it an excellent target for structural and dynamic studies aimed at characterizing
the differential lability of the axial histidines, the perturbations caused by the
post-translational modification, and the effect of exogenous ligand binding.
The structure of GlbN is largely unperturbed by the covalent heme-protein
cross-link,2 but binding of diatomic ligands such as CO (to ferrous GlbN)
and CN- (to ferric GlbN) induces the formation of a distal hydrogen bond net-
work and causes a shift of the B and E helices. 15N relaxation measurements
indicate that the differences in ps-ns dynamics between the proximal and distal
sides of the heme cofactor are minimal and also independent of heme covalent
attachment. Upon CO or CN- binding the us-ms timescale motions are en-
hanced in the B and E helices, suggesting that the preferential displacement
Monday, March 7, 2011 221aof the distal histidine is due to the stability of the final bound state rather than an
intrinsic bond strength difference. The implications of increased dynamics on
the distal side of the pocket after ligand binding will be discussed in terms of
ligand migration inside GlbN and related globins.
1) Scott et al., Biochemistry, 2010, 49: 7000-7011.
2) Pond et al., Biomolecular NMR Assignments, 2009, 3: 211-214.
Supported by NSF grant MCB 0843439.
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Molecular Activation by Peroxidases
Koroush Sasan, Stefan Franzen.
The peroxidase class of enzymes has been known to activate substrates for elec-
tron transfer from nearly a century. The precise consequences of that electron
transfer have been in less detail than the initial even. Herein, we examine the
kinetic and structural studies indicate that peroxidase enzymes are capable of
oxidation of 2,4,6-trichlorophenol (2,4,6-TCP) to 2,6-dichloro-1,4-benzoqui-
none (2,6-DCQ). There are two dehaloperoxidase-hemoglobins of Amphitrite
ornata, DHP A and B, that both have peroxidase activity superior to hemoglo-
bins or myoglobins previously studied. One consequence of the further oxida-
tion of 2,6-DCQ is the formation 2,6-dichloro-3-hydroxy-1,4-benzoquinone
2,6-DCQOH. The secondary product, 2,6-DCQOH, has been observed by
UV-vis spectrophotometry and 1H-13C NMR. The results are consistent with
the spontaneous of oxidation of 2,6-DCQ in the of hydrogen peroxide anion
(HO2
-). Based Arrhenius analysis of the kinetics, the activation energy of spon-
taneous hydroxylation (Ea = 32.4 kJ/mol) is significantly lower than the activa-
tion energy of oxidation 2,4,6-TCP (Ea = 56.3 kJ/mol). 2,6-DCQOH Density
functional theory (DFT) calculations were employed to differentiate between
two possible hydroxylation mechanisms, leading to different products, 1.)
2,6,-DCQOH and 2.) 2,3-dihydroxy-6-cloro-1,4-benzoquinone. The formation
rate of the 2,6-DCQ product appears to affect the secondary hydroxylation rate.
We have probed the effect of alternative activation using peroxy acids, such as
meta-chloroperoxybenzoic acid, to test the role played by activation and elec-
tron transfer in the formation of products by the dual function hemoglobin-de-
haloperoxidase. These effects are modeled structurally using a variety of
methods including docking, and structural studies of interaction of the substrate
with the protein.1207-Pos Board B117
Reaction Mechanism of Heme-Based Dioxygenases
Ariel Lewis-Ballester, Dipanwita Batabyal, Tsuyoshi Egawa,
Changyuan Lu, Yu Lin, Luciana Capece, Marcelo Martı´, Dario Estrin, Syun-
Ru Yeh.
Indoleamine 2,3-dioxygenase (IDO) and tryptophan 2,3-dioxygenase (TDO)
are two heme-containing enzymes that catalyze the oxidative cleavage of tryp-
tophan (Trp) to N-formyl kynurenine (NFK), the initial and rate-limiting step of
the kynurenine pathway. Until recently it was generally believed that the heme
dioxygenase reaction follows a base-catalyzed mechanism. Based on this
mechanism, the reaction is initiated by deprotonation of the indoleamine group
of Trp by an active site base. It is followed by electrophilic addition of the
heme-bound dioxygen to the C2=C3 bond of the indole moiety of Trp, leading
to a heme-bound 3-indolenylperoxo intermediate, which subsequently converts
to the product NFK, via a dioxetane intermediate or a Criegee type of rear-
rangement. In this work, we sought to use continuous-flow resonance Raman
spectroscopy, combined with stopped-flow UV-Vis spectroscopy, to investi-
gate the dioxygenase reaction carried out by IDO and TDO. Surprisingly,
a ferryl intermediate was detected during the IDO reaction at 0.2 s. The pres-
ence of this intermediate supports a new mechanism, in which the two atoms
of dioxygen are sequentially incorporated into the substrate via a two-step re-
action. The ferryl intermediate is not observable during the TDO reaction, high-
lighting the structural differences between the two types of dioxygenases,
as well as the importance of the stereoelectronic factors in modulating the re-
actions.
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Mutagenesis Study on the Conformation of Distal Histidine in Dehaloper-
oxidase-Hemoglobin
Shu Jiang, Stefan Franzen.
Dehaloperoxidase-hemoglobin (DHP A), found in terebellid polychaete Am-
phitrite ornata, acts as a bi-functional protein. It has the globin fold and acts
as an oxygen carrier, but it can also act as the peroxidase, which can oxida-
tively dehalogenate halophenols found in benthic ecosystems to the corre-
sponding quinones. The distal histidine His55 is the only residue that
determines the substrate and heme ligand binding function. His55 also plays
a key role in peroxidase catalysis. His55 has two conformations, open confor-mation and closed conformation, which is related to inhibitor and substrate
binding respectively. In myoglobin, Phe46 and Arg45 have been suggested
the critical residues effect the C alpha - C beta rotation of distal His64. More-
over, in myoglobin the residue adjacent to His 64 (the distal histidine) is
a glycine (Gly65). Although this is a conserved feature in many globins,
DHP A has a threonine in this position. To understand the role of the amino
acid in this position the mutants T56G, T56A, T56S and T56V were pre-
pared. Kinetic assay results show that all of these mutants have higher activ-
ity than wild-type DHP A. Molecular dynamics simulations, Resonance
Raman spectroscopy, X-ray crystallography and other methods will be pre-
sented to understand how a change in the Thr56 position affects the both
the conformation of His55 and peroxidase activity. The inhibitor in DHP
A binds in an unusual internal binding site. We will determine the inhibitor
binding constants and measure the enzyme inhibition in kinetic assays to un-
derstand the role played by the distal histidine conformation inhibition as
well.1209-Pos Board B119
Effect of H55D Mutation on Kinetics and Structure of Dehaloperoxidase-
Hemoglobin A
Junjie Zhao, Vesna de Serrano, Rania Dumarieh, Matt Thompson,
Stefan Franzen.
The H55D mutant of dehaloperoxidase-hemoglobin A (DHP A) has been
prepared to mimic the H64D mutant of Sperm Whale myoglobin
(SWMb), which has the highest peroxidase activity of any myoglobin mu-
tant studied to date. The high peroxidase activity has been attributed to the
rapid formation as well as the prolonged lifetime of compound I following
addition of H2O2. However, unlike H64D SWMb, the H55D mutant of DHP
A has ~13-fold lower peroxidase activity towards oxidation of 2,4,6-trichlor-
ophenol (TCP) into 2,6-dichloroquinone (DCQ) in the presence of H2O2.
The origin of the lower rate constant may be the solvent-exposed conforma-
tion of D55, which has the effect of removing the acid-base catalyst neces-
sary for heterolytic cleavage O-O bond in Fe-bound H2O2. These
observations further support the hypothesis that the flexibility of distal his-
tidine in wild-type DHP A, plays a crucial role in enzyme function. Re-
markably, the H55D mutant also shows inhibition by 4-bromophenol (4-
BP) in the oxidation of TCP, which is substantiated by the X-ray crystal
structure of 4-BP bound to the internal inhibitor binding site observed in
wild type DHP A and B. The inhibitor complex is an unusual internally
bound molecule, completely surrounded by the protein. Compound ES, a ty-
rosine radical species associated with the oxoferryl intermediate detected in
DHP A, is not observed in H55D. Thus, the H55D mutant is a key test case
for the role of electron transfer in the DHP A mechanism.1210-Pos Board B120
Identification of a New Charge-Transfer Transition through the Partial
Unfolding of Cytochrome C under Mild Acidic Conditions
Emma Fradkin, Jonathan B. Soffer, Reinhard Schweitzer-Stenner.
Cytochrome c, a model protein, has been isolated from a wide variety of
prokaryotic and eukaryotic sources. It is commonly believed that proteins
behave identically if it is extracted from the same source. This investigation
illustrates the unexpected conformational change on the exposure of oxi-
dized equine heart cytochrome c to TCA, as opposed to the preparation
from acetic acid, both obtained from Sigma-Aldrich and dissolved at a con-
centration of 0.5 mM in 1.0 mM monobasic phosphate buffer. Without fur-
ther purification an earlier unfolding event was obtained with the TCA
exposed protein (pH 7.0, Temp. 338K). To unravel this enigma a variety
of purification methods were employed utilizing partial unfolding-refolding
protocols. The complete oxidation of cytochrome c was achieved by adjust-
ing the pH of the sample to 11.5, neutralizing the positive patches on the
protein surface. After complete oxidization, the protein was passed over
a Sephadex G10 column. Subsequently, the pH of the solution was adjusted
back to 8.0, which was the starting point of a titration which covered the
region between 8.0 and 4.0. Surprisingly we observed a weak absorption
band at 625nm, which increased with decreasing pH, reflecting the proton-
ation of a titratable group (pK=5.2). This value strongly indicates a H33 as
the involved residue. Normally, this band is indicative of the population of
a ferric high spin state of the heme iron. However, in our case the 695nm
band, which is an indicator of the intactness of the Fe(III)-M80 bond, re-
mained present without any loss of intensity. Our observation suggest the
stabilization of an excited charge transfer state, possibly resulting from
an A2u->dp transition by the positive charge on H33 in a heme cavity
modified by the initially present TCA.
